to have spoken, but found at the last moment that he was too busy, and so sent Wilkins. Watson Figure 1G ). Once airborne, the velocity was 1.2 ± 0.1 m s -1 , 44 ± 8 % less than the peak reached in water. At emergence, the body subtended an angle of 81 ± 7 degrees to the surface, and the jump elevation was 84 ± 8 degrees. These steep angles minimise drag at the expense of forward distance. The best jumps are calculated to reach heights of 100 mm and forward distances of 30 mm (18 and 5.4 body lengths, respectively).
Normally both hind legs contributed to the jump, but the synchrony of their action could vary by 0.8 ms. All jumps propelled by both hind legs enabled the insect to become airborne, but half the jumps propelled by one hind leg failed to escape from the water. When propelled by one hind leg the peak velocity achieved in water was only 1.1 m s -1 , and in air was 0.4 m s -1 and the forward distance moved was 10% of normal. When propelled by both hind legs, kinematic calculations showed that in the best jumps, peak acceleration was 1570 m s -2 (160 g). The energy required was 22 µJ and the power was 16 mW. These values fell in one-legged jumps.
The distal hind tibia has a medial row of three, and a lateral row of four paddlelike processes 300-400 µm long and 70-110 µm wide ( Figure 1B ). Such paddles are unique to this family of insects and are not found in closely related grasshoppers. All paddles are normally folded flat, but flare laterally under water when the tibia is extended by the insect or experimenter. After forcible extension, paddles return rapidly to their folded positions. At the distal end of a tibia are two pairs of moveable spurs, the shorter spurs 410-460 µm long and 75 µm wide, the longer ones 1200 µm long and 85 µm wide. All paddles and spurs have concave inner surfaces like oars. Illumination with ultraviolet light revealed patches of bright blue fluorescence at the articulation of each paddle ( Figure  1C ) and spur, indicating the elastic protein resilin [2] . This suggests that folding of the paddles and spurs, and hence reduction of drag, is effected by springs.
Can the force shown by the kinematics be explained by the actions of the hind legs? We calculate [3] that the paddles and spurs operate at low Reynolds numbers (670 and 520, respectively), allowing the use of the 'approximate mass method' [4] to estimate how much water is 'scooped' during jumping. On both hind legs, the
Pygmy mole crickets jump from water Malcolm Burrows* and Gregory Patrick Sutton
Animals that live or repeatedly alight on the surface of water often need to escape from predators or return to land. We show that flightless pygmy mole crickets use a new strategy to jump rapidly from water. Their powerful hind legs are moved so quickly that they penetrate the surface and as they move through the water, unique arrays of spring-loaded paddles and spurs fan out to increase surface area. This enables these insects to propel a large volume of water downwards in a laminar flow, so that they are launched upwards into the air.
Pygmy mole crickets (Xya capensis; Figure 1A ) live in burrows, excavated in banks by fresh water, which are liable to flood. Their prodigious jumps from land, which are propelled by the hind legs in a catapult mechanism, give precedence to speed (take-off velocity 5.4 m s -1 ) over controllability (initial spin rates of 100 Hz in the pitch plane) [1] . Inevitably, jumps frequently land on water and the only way back to their burrows is to jump or swim. Observations of natural behaviour show that they jump repeatedly.
Jumps began with the hind tibiae fully flexed but held above the surface of the water. Both tibiae then extended rapidly and penetrated the water, carrying air with them. The extension resulted in flaring of tibial paddles and spurs ( Figure  1B-F This locomotory strategy differs from those of other animals that jump from or move on water. Pygmy mole crickets generate a laminar flow of the water beneath their hind tibiae and large forces from extension of their moveable paddles and spurs. The generation of thrust is possible because of the viscosity of water relative to body size; the paddles and spurs act in a similar way to the smaller hairs on the moving mouth parts of copepods [5] . By contrast, frogs [6] and basilisk lizards generate a turbulent flow beneath their wide and flat feet (Reynolds numbers 5000-15000) and to run on water, a basilisk lizard must maintain a pocket of air above its feet [7, 8] . Pygmy mole crickets and copepods therefore exploit the viscosity of water, basilisk lizards its mass, and pond skater insects [9] , and fisher spiders [10] its surface tension. Jumping from water by pygmy mole crickets results in a lesser performance than when jumping from land, but the price paid for overcoming the drag from the water should be repaid in higher survival rates.
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